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Indium _ ‘ R
Extraction of Indium T
! : . } . JE
-~ - as

inclun Is usually extreeted frow irdium-beering orcs, concentrates, mincrels, -
~et:le, alioys, meteilurgical resicues, flue dust, calcines, I'imes, distilieidon ;
plent Just ernd oiher by -predvcts by nre of the followiry methods: '

Jerhod I. cinc blernus are cdiesclved ir HYO3, £nG the heavy metelis sre S
precipiteted by hoo. From tie filtrete irdium i3 preciriteted with excess aanonig ¢ ¥
anG this preeiplitetion is rejectec ceveral times to remove zine anc BB s e e,
the iiral Ip (CH}) ig aissclved in acetic scid ard then precipitated as &ujf.ce
oy H ss Irgb,. "To resove any remeiring saell emounts of irop, the In s s ‘ v

issolvea ir HCi, a little iuCo beirg acded to oxidize the iron. Then tré s tion -
of FHy precipitetes e (CH): with orly & 1ittle inafom. 2fter removirg ali e 3
iren, pure In (CH)3 is jreciplteted by addirg er excess of anmonis,

kethod 1I. Tndiwm-bearing zipc mete]l is treated with dilute HySC, Just _
Insuffliclent to effect com_lete solution. A sporgy mass of lead, copper, ceomiom,
tir, ursenic, iron ana indium collects upon the residue of uncissolved sinc.
Tlie spongy uateriel iy collected, weshed, dissolved in HNO., and evaporeted with
ig8C,. The FbSO, is 1iltered off, &nd the hydroxides of irdm end indium are A
precépitated with M Ck, <Thls precipitate is ulssolved in a small amourt of Ecl,f,f*
and tie solutior $e brov:it close to the neutrzl point, then boiled with ax eXcoss
of NelsO3. Fy thie trestient a basic sulfite is obtaiped which hes the foraule
Ir.,(sC ).InQ(OH)é.Sﬂiﬁ. Thie is dissclveqd in k;¥C,, ard finelly In(CH)B is
rrecipitatec by an excess of NH, CH.

nethoa III. Aeon.ex andiun-bearirg ore may be ground and then subjacted
to flotetior by whjen corcentrstes of zire and indium, léad, and silwér are
obteired. The zinc-inuivo concentrete mey be trested as followss

(A) Roested mith salt (NaCl). The ird.w. ciloride is alssolved and netlallie f;i
irdiunr is derosited alectrolytically, ’ v

(F) Diesolve ir Hu(y, srd precipitate the indium (a) by the addition of L
zire, or (b) by mneutrclizelinr of the excess acid, . ‘ . A

The purity of the metel ic ircreased by re peating the process. & purity of l;ﬁsg
€9% ard nigher i: claimed. . : et
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ﬁolt of the sveilsble and reasonably recoveiatble indium is closely associwtes
with sinc or zino-beerirg ores and minerals, end most of this indium is curtuined
in the minercl sphalerite, either incorjoratec physically or 1n solid sodutisa.

RBence it is obvious thit most of the comnercisl ircium js recovered ss & Ly~

produet in some form oi zinc metailurgy. 1t 1s eafe to say, up to now, tnut o
indium is recoversu coumercially as a result of the treatment of any wruotur-

bearfng material as & resuit of the treetiert of such matericl for its izciv: convent
alone, ‘

From an academic standpoint it is of intercst %o tabulate the various ainersis
known to contain indiua, ramging fron spheler: e, which contains relativeliy
nsubstantial® qu:ntities, down to those minerels wherein tue metal occurs ..«
ninute or even irfinitesimel cercentages,

These minerslc are:

1. gpholerite, sinc sulfiue, Znd. In tils nirersl, the indium conlert dsua Ay

.ranges frem G.Cl% to (.1%; rurely, 3if ever, ir aicess of 0,25. As a matter of

feot, the uswl lxaium cortent of most sphelerite is, in all probebllity, .iess

than 0.01%, or sey less tiun 2 as. per ton. kany samples of sphslerite give no

indi¥etion of conteliniry arLy indlim as « recuit o: orainary cbemioal tests. For

‘axgmple, it ie re:orted thut the exarination of 68 samples of sirc blerdes fr.s

various localities revenled the presence.gf irdiwm in 37. On the other hewnc, it
has heen estimnted thet tid-western zinc ‘Concentretes may run us high se I oz,
per ton,

2. 4 conplex ore conteinirg the sultides of leed, sinc, iron, copper, :ilver
and gold, owped by the indium Coryoration ot rica, rear Kingmer, .obhuve {cuniy,
Arizora, is rervorted to cverage 1,93 oz. of imdium per ton. It is claimed that
50,000 tons of thie ore has leen developed, e.ulvelent to 66,500 troy ounces of
indive, er approximately one ycar's podentinl precuuction <f by=-procuct iraitsm &1
Anscenda. -

R ‘3‘ — i
mitigrels is wperisble. It is probable that the indiun content 15 rougkly pvporitioned
to the gipnc., The more abundant of these minerals, ani hence those that are likely -~
to-aohtribute most of the asvailable indiuvm arc indicated by an asterisk(#) :r the

“fo¥lowing mlphabeticel liste. The others, not eo indicated, either cortain ain.r

peroentages of zinec or they sre relatively scurce or of lecel irterest. It Is
glmost eertein that they are of litt)}e Amjortonce as sovrces of Indiua, but tiey
are presented for the sake cf completensss or ior their scademice interest,
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iilbo Llauexe rer 1.591)

Shvixoviai te,- Q(dc,h,m)c 6CaC. 4B60.A1,G,.6510, '
Ate,” 3200,F50,.4H,0 (index of rer. 1.85)° .

; chite, (Ph,!'g

gci:;-iini(henﬁaarphitc), Qn iC, or (Znm ou)z.sao or Zn,SiC.(CH) .i: C
*’Cheloophiaite, (Mn,Zn)0. 20" 2348 ,
_ Chloropbbenicite, 10{in, zn)c Al2 5. 7TH,0
Clinohedrite, Zn0,Ca0. saoz
ag 3(Fe,2n,ln)C, 3Bel 531(%(Feszn)s or (ise,Fe,2r,. n);51301,8 or

fge . x, 2kBe,BeyMn)al2n, ¥e )25 ) be (610£ ~
. . Dewclolelte, (Pb.zng(% Zn)\ov{? or 4{Pb,2n)C.v,Cs.H,;0
' Wit'hum (Zn,Fo,ux)C. (AL, "’i"a :
5w nite, (Fe,Zn,in){(Fe,%n

7 GeghR e(ug,un znio 35102.2320
- ;"-; Galmit.; Znd150, or ZnC. uro

Glmc‘ 1nito, M(Zn,Cu)C 3.509.7H20
3 Q‘. G or Zr0, 3.7:&
" 5- ] (&t
i ‘g’ . -“Qlae a;nnﬁ.cpbeu-ing sphelerite)

S m@:&: te, Ca,2881,0; or 20a0.ZnC.2510;
e, (nepe )2 el Yoo (810, )5
. Hsiagrohite’ (V. Gelanine]
] h, 2200, Riny .H‘gO (indax of ref. 2,344)

ZZuG 2.‘@11' .10 (¥, heteerolite)
221604, 30 (08)? oF %rCGs3.22n(0H) . or 3Zn0.C0y.21i0
. m Ih,i&,h.-lg)o caC. 2510,
s mg:u:e 20,48 0 or ZniAso0s. iyl
' mmu“;izfgéh'wﬂéo ﬁéh?oz S
E or L. S
 lagrandite, 26 Zn0 oAR2Cs.25H.0
‘lambphnmiaj.t.e, &(@,Zn‘ca )0 35105, Ho0
. loseyite, 7(Mp,%x,Ng)0.200..5H,0

,hngamﬁmhte, 00 (s ,CB )50 .

raite S 3§1 ﬁugo;,.A_-zoS

21{un,
pin,2n 0
4 zinc-burz;:g argpgonite with zinc up to 10%, found in lercv!
%: sradd; tbeoretical formule possibly: 5411003.210&003)

1«1& ( :1ne~nahohiha)(1 )
C,h)ﬂ.
C M;,Vgos.il’g‘h,z:n)(cmg HZO or 4(FY,Cu,Zn)0.V.(x.
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q 'n‘.t a:q zé:‘z&mgmtic oddé mu uﬁi e h&nﬁg
: .Zn, and & trece of Pey' thomuuz, :oenit p@-sihmus Hnoz z,sm.
;;w\n-um, g 5

- - Yenthand té, v (.zu,z:-)éas g:% Oo0 “;w o5 w . 1-811; ﬂ |

. Ziposlumi 220840, . 4. 3. H)3.% 20 or 3.112 .2303 0 .
.17 ZinoeCopper Yelsnter te, CuC.2nC, 803.2‘ 3 g
ﬁ ST Zineite, 0 o {-:"
BEE i aohefferite, (lﬁﬂm,Zﬂ)C Cal.2510p ' RN > S

Stritwaite, 2n5C,.7Hy0 .
"'l.. Klnersls shich do not contedn Zinc _LMLM&;L:;

e ﬁ:i *Agtrophylnu (N, K), (Fe,un), Pi(SC,), .
3., wChesiterite, SnCp . PR

. *" sGapper Ores (such &s tenrantite and t.ctrnhedrite) oo

;i?*a’;_‘ :\ #Hyebnerite, Mn¥(, .

“,. .~ wIren Qres (auch 85 pyrite and pmhotl’u) . % 3
_* " elmad Ores (such as falenz, cerwdsite anc anglesite) ) 5 ﬁ!
5. Mianganotentalite, ¥rC(Ta,Cb) 2Cs ' ) ;’“‘

Sk - sy %Pegmatites (usua.‘ly consist of microcline or erthoclese, qnartz and mqorite, PP o

k. ePhlegopite, kg A153 50 o (CH) % 2K,0. 10(Ng,Fe )0. M1,03.12810. . 3. C A

Caa oy {H, (dg 4 ) llg si0 ) or H KMy (.‘:104) & X{ug, r)l‘gau(su:,zb ""
W N aprtvel Fes, 1717383 473 A 3 e
ST wPyrrhotite, Fe,x8 or Pe,S  or Fe,y8,,, actuslly variee froz Fe to Feyso - - ]
«Bhodonite, Mnsio y o1 5% "

'*smrskiu, (Pe aa,uo )5(Cer,Yttr,Tn0,,%r0, ) 3(b,Ta)g0;. This mineral is
= 'e°sentiall 8 cnluuuet.e fniobate“ and t.an late of iror and celeius %%
‘with the cerium(Cer) end yttriim{Yttr) metale, together with
uranium oxice. The ytirium oxides very from 6 to 15%, anu the cerivm ‘

" ' oxides frou « tc 6%f. Tentelum nentoxide, Ta»05,: and columbium
i - pentoxide, Cb,0s(same a6 neobium pe:ntoxids, ) make up abopt 3. .
‘ ' The formula i5 soretimes written 3(Fe,Ca, U(:2)O. (ge,!)ZGQ,QCb.rm%EQg A3
B : . or (Fe,Cs,00,), (c-,!)z(m; Ta)¢Co ‘ 4
#S1dertte, FeCC, : . - Ty
% *Wolframite, (Fe,Mn)¥0, e ‘ e
e %2ircon, Zrsil, : o kT

sl 5. MLQXLBM which frequently comin ‘Indium. or with !:hm
' )’ :lt is closely acsocieted:

.. ~ Cadntum, Cd

';:»;E: wen, o .Cebals, Co b T 7' o '
t - .a;_r‘ :?:‘: . mum, . : - N ? .w;
: T ' KApproved For Release 2001I‘f1121 CIA RDP80 00926A000500030017 7 .
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iron sultice, FeS,Fes. src fe. o-
Lesc 5ulilae, PES ‘ -7
Thaullivm, T1

Zine suilice, ong

€. Zﬁ_;ng‘_m;y;i’;oauctg at s~elter: esnu other wetallurgie: 1 &nd ¢ er.cal

rarfsecturirg ;lents, such asi

Beg-bovee iume

Blue rowder fror clstiletion nf zine ores

Frece furnece flue wust

Cecmium-besring flue dust

Cadrdwrn comge (C.14 ts €.z uz. per tor)

Calcines

Chlorice furme (0,25 to C.2 5z, rer ton)

Crloridized caleires (0.2 t. (.5 a2, per ton'

Cobalt czke (4 to 5 oz, wer ton)

Condersed flue dust sr« tume fros bratsers1ting {urraces.
Comer Lklast-furnece {ime

Corper caie (C.00 to .05 bz, per ton)

Cotireli plant fume

Listilletior plent cui! arce fune

Liectrclytic plert dust s, fume

Filtraticr. plert sluages ana residies .
Flue cust (fror reestir~ « remc lting furnec-<, ang sinterirg ruachires
Fuscs (from roasting furneers anu sintering wenines)
rurnace tumes

Lecd blast-turnsce fune .

Lithorone {lsrt bty-procuct: erd re.idues

JeLedurides ! regioue. ’

Lwflfirery residues (electr .lytie zive,

nesidues fron electrolytic iead refireries
Rocsting-furnace fume

shriver cake (C.C4 t> (.05 oz, per tor)

Sirtering machire aust and fime

omelter ty-croducte

Vat reciduec from eleetrolviic zine rlants

Vat recidues fro zine !isars in the menufecture of lithopone
Zire dust formed ir thc ci-*:llation of zin~ cres

Zirc residues (0.25 to .7 oz. per ton)
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Age<hardening of aluminum alleys
Age-hardening of eepper alleye

Alroraft instrwmemt protestion against damage by sals water spray

Alrplane engine bearings
Airplane prepellers

Alloy age=hardening

Alloylng ingredienmt fer silver
Alloys

Aluainmm alloy age-hardeaing
Aralgans (dental

Autcomobile hardware

Babbits

Ball bearings

Dand instruments

Earber ochair and equipment trim
Bearings

Bearing swrfaess

Brass band instrusents

Rrasing alleyw

Bus engines

Cadmiwa conservation
Cadmium~indiom alloys .
Codnivm~silver bearings (plating of j
Cartridge ocases

castings (dentel)

Cast silver

Ceraniocs

Cheoking exidatiom

Chemioals (beat Xnewm ares trishloride,

seaquiexide, 1!10'
Clipe

Close~belermnee plating
Coating for silver

Colorant in glads (yellew)
Cembat alreraf't engine bearings
Comtpounds

Conpressive strength in demtal alleym

Convearwation of ether mstals
Contast peints (eleetrisal)
Centrol rods (Ordnemes)
Copper alloy

Copper=indium alleys
Copper=leand Deariage
Cetrosion resistant
Cylinder wall pretestion
Palry equipment seatings
Deocarative finishes

In Gl sulphave, 1n, (80) .8 by wa
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e Dextal alleyw
. ‘ Dontal sheir and equipment trim
, Bental intirwnent plating
b Dissel smgines
Py A Disssl mrine engines
o Plowatull merdent
Lyr Diffwsed plating
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Military wses

Mirrers (frewi-surfaced)
Herdant fer dle stuffs
Nobker eur trim

Masieal instruments
¥ioksl~indimm alleys
Honeoorresive soatings

Homeforreus metal plating

Optical glass
Optisal goeds (plating)
Ordnance
Oxidation resistat
Pharmsceutieals
Mn hols smsering
Plsben prodection
Flating parta fer mashine guns
Plungers {erdnanee)
Folished ﬂ?;un. )
1lers (sirplanes
::::ﬂim d'u:tth against erganic asids in lubrieants
Protection of metals against salt-smter spray :
Pratt & Whitney engines
Refleotors (plating)
Ressaroch
Resistanes to tarnish
Rifle Clipse
Rolls-Royes airsrart engine bearings
Salt spray protestion
Searohlights (reflectors)
Setting~change resistanee
Shoulder bushings (erdnance)
Silver alley ingredient
Silver~indiun bearings
Silverware ‘
Small arms bearings
Bmall pins (in hinges ef spectacles)
Smsaring te clese pia holes
Solders (inereases fusivility and wetting qualities)
Seluble anoiss
Spectacls frams hinges
Stability inereese of wtals
Steel-basked b.‘rlnpu
Stes]l blade prepellers
Stesl protection (after a flash ecating of anether mebal)
Steel rods (plating) :
Strength inorease of dental alleye (cempreossive)
Surfeee diffusion
Suwrfase hardness
Surrical insteruments platiang

" Symthetiec antSi-mmlarials
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Gerpanium e
. wources of Gerwarium

Germenium is wldely distributed in mature, but it occur: usuelly in rinereis v ick are ¥ -,
very rare or in more abundant nineruls in minpile qusntities. It is usually o nd ag & ""i’

sulfide or essoclatea with svifide ores. The wirerels wherein it 1 tound 2¢ e
divided irto two classec, nemelr those known to conteim gerasrnivmr ae a comgome . »nd . .7

nev ' rg been so identifled minerulnricel.y, enc trhese wherein it is neld mesh o Lilyy "o
or .ossibly ir solic solvtiorn.

1. yirerels whereir serqsninm ogours &¢ 8 _cerstituent ere listed &3 rolicws:
Argyrodite, Agrlesc »r 3ig;..Gel ., or LAgpo.GeSp, cortalming fr v - to T,
rermenla.  ilxlier first isolsted the uetel fron tole T tad
airersi, tue su .. corilg frow Freibery, Geraerv. 1 j= ’

vzurd alze i t.e siiver mires 3f Ormo, Eolivia.

Cantiel. xj_t;e,l,}g S.(8n,Ge)5.,, coi vt i dron l.ice to 6.50 ger:

v1sS revnd U Bolivie .

suxenite, 4 conblex mireral corteiv Mo, T, ,ar,lepl, AL it is 8- &
cecosrizey souree oI e, o,1, &nu hb., lus preialie (thavia L w
ver e Gy b, Fel UL A . "f‘:ﬁ

Germerite, Ci-orcltiede, or 5on .1 Lu,re)s,A6253.4UeS2.  Jhie inerul
R (o4 Peueci, o outh cest Africa. Its sevacnl unm cor venk
v orie: poee 20t ms uarn o ss &9, Fellowiny are ELEJW“‘M
two citicrernt lots of o 1darle ore of this tyge:

el b ot 31

Cu Ll C1% Cu .00% .
£ 30,96 ) 2¢.90 I
Fe £.08 Fe L,2C ;

ks 6£.83 As 7.36

Zn 274, Zn 4.00

b 2,26 Pb 7.90

Ga L.97 Ga 0.14

Ge .00 Ge 3.08

.03 o 0.28

510y 1.8 balance _T294

Bas( .02 .
17 other elements C.66 ¢ s,

Potal l?w*(::ﬁ

4 Atrabesite, «8PHS.11lAgoS.3Ge5,.26033. This is a suifide ere of lagdy U
silver and antimony, cc:taining about 2.25 gerun,ﬁ&. It .1
ound in h‘c.werg, DAXONY. 5

8
&
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3. Dblier wiierris »ncreirn Ger-sriwm hes been iourd:
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M ‘eonstitute t.‘le rest abunaert. source e.f cermuriun, 1t aprears _
thet the law-temperature aeposits contain & higher per cenngaw‘ "
of germenium then the kigh-teupersture aepésite, ‘nhalnrit-t

. trom Joplin, Wo. snd Picher, Ukle. carry us mucn e C.1% 0 -
1.0¥ gaXlium, erd the metal is found in she zinc blenaes of 7%
Butte, Wou€. Wisconsin oreg are reyorted to carry (,Cl7 " "
gallium, chtah British blendes sre said te cortzin 27 te A}.

L

B Urbain mede e spectroscopic evaminction of 64 epecimens of i
' - zine blendes from widely sceiterea aress &nd founu 'remnix! .
in 38 of thém. Similerly, the apectroscdpic examinstion g

6¢ cpardsh zinc blendes revemled gellium in 5C rpeciqem =

-~ I1t8 recovery us u by-.rocuct ir zire .etullurgy i: zimrle
gince the metul e;b ner vurns to GeC. and collects ir the ba.g-
nouse cust or Coitrell audt;y or the oxlue if reducea by carbon
et » reu hect, erc since the metal ie crly slightl, volasile” .
8l 1350° £,, it collects in the spelter retert resiauess - [y

Lsuxite, a mixture oi sluminum oi elw.xinum nyur o‘.:u e, warring frog
£1.G3.3H,0 to 41, C- o H.C anc Al Cq 501120, uscglly ¢ l~03.2l$20?

Casciterite, .nOp , , .
Colunbite, \Fe,wn} (Ch, Ta)ZO(,
Gopper {native cypper), Cu

Ltoargite, ;Curd.As«5(u.)ually irom a trece to ,0Lli; ir Butte, *«a
eometimes ac high ¢a C.17 Ge O :

Feldgpsre,silicales of £1 with X,Ne, sna Cay Trerely Be.

Irenckesle, Fbgrednsib S, (2 rere tin-lesa sulfoptibide)

Gra bite, C

i

lepicolite, (x,L1},C.21, C4:35iC_,F or '~L13A¢L~17 1‘“”*/3

ieucite, K C.AL, C ..Zwi or hlbiyCy ' A ' A
weteorite:, (Isune in eeven types) *’ g
cideas especislly lepidolite, but alsé ir bigtite, {- ,M’O 2*"&3!

(A_L,Fe)203.35102, erd muscovite, K-C.241203,6540

Pegmetite dykes(usuelly in the eilicate constdtuepti)

A
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7 Somarskive, (Fe,Ca, UDp) (Ger.Yttr,Tnoz.ZrC‘Q)3(1\‘b,Ta)6(n‘l. Thic mineral

o S is.;,uunti&hy & colunibete (niobate) and tantalate of iron
and caleium with the cerium (Cer) anu yttriwum (Ystr) netals,
together with wranium oride. [he yttriu~ orides very from 6
to 15%, end the cerium oxddes frorx < to 6%. Tertriuam

" pentoxide, Te,05, ard columbius pentosrice, Cb.C (same as

neobiun pentoxide, Kb,0s)make up mbout 565. Thé€ formuls is
sometimes wr%tter 3(Fe, 8,(C;)C.(Ce,T);C4(Cb,Ta), C5 or
(Fe,Ca, U0 )3(Ce,¥) (b, Ta) 0 :

‘Silicetes, from pegma tite dykes

Smithe ite, ZnCO3, near Calem, Ky., ssravs ec niph es (,.C1% ce0-
Spogumene, 11A1512C6

lantalite, (Fe,Mn)la_0O¢

in Qres (found in ¢ out of 12)
N Topaz, Al;03(CH,F).ci0y. Germeriia usually present. i wns tound
& L in each of 34 epecimers, . topaz from Silver Leaf wilse,
e - ianitoba, as:ayed C.1% Ge(,
% . ' Jourmaline, & borosilicete of £,14,.'g,Fe, and Al., Forauls uncertuin,
T It may bes (Ea,Ca)(Al,Fe,Li,ﬁg)353A13(A151209)1.(O,OH,P)A

© .. 4« Other iaterials and By-krocucts which cre sources of Gernsniim,

T .~ bag=-house dust
. Cadmium electrolyte
s, Cesl (near Newcestle, ixglerd anu ir certeirn U. S. lowes:ih coe ls)
Cottrell dust :
¢ Dust (bag-houre, Cottrell, and flue qust)
* '+ English coal, neer Lewcsrtle, cerries as much zs 1,67 GeC,
gl . Flue dust .
: Gas works dust (0.157 tc 1,47 GeC:)
... Low-gsh cogls in U, S, ‘
< !lineral waters
Wewcastle ecocl (ingland)
Residues recovered in the productier ol spelter,
- Ses plants '
Sails (soretimec C,005% Ga. .aia to scimulate rlant growth)
Solar epectrun (scicmtific intérest)
. Spelter retort recidues. :
+:Zine oxide from flue dust,



*




incruud
loltbiopa

..........

{noressed slightly

 of magnesium amd coppsr increassd
ofum=-Ge alloys

© Jwroury-Ge alloys
wﬁcal glase” vefractive powsr inereased
ln-nia remsdy
M ical {2 treatownh of pergiicious énemla
. Mefractive index of mm ghn sed
Researoh - '
‘qualities o; m said to be improved (1)
" I”
glass lowered
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{4 brin? Soples) somdensation af ovor 1000 refcrerces enli wewcrer':

2;5 o I.' Hu*mt. )

"~ le Dimcovery by Rev, ™illiem Tregor ix 1788, in Ilmenite,
3. Mure oxlde pronared by Reee in 10%i,
4, Turo motal prepared by dumver in 1vIC.

11, OCCTRVEECE I8 CIATTRT.
1, .13zhth most abupdrut wetad, c¢n? nirth most ehun’ant o lesent, orr-
stitutln; U.€e),. of the eartli's orast,
‘e Teogravillicel dlsiributiom.
5. mk..
4, Minerels.
5. “ros.
Go ~rmocintion .

171 OCCUUITENLY 4 » V= ol 0T 41 the tire:stment or recovery of ct.cr 4
OoF LAnCrL. a4 pueroet,

I, IysIosl R TN
1, Jqatlc vel b oav, i,
r. itoic numicr Yo,
SIS S S

e —ewbooL i, :
4. lolting .oint lolw .,

5, 301lin, 9oint sLove FLICT,

Ge “enalty 4,9, e

7. “lectrics} 1osistivity O 1T obr ean
e Vedius »** fen in crystrle L3 owl X107,
Yo uwLtility, :rrincses, luster, < ic,

LV, CIEMIC,L. VMILETILL

1. C(hemioal rescrioms.
iffinities.
ioete of formetion,
riebility.
Unique c¢harscteristics, ete,

UM R S
L

® o @

Vi. DETECTICH,
Twelve quelitetive met.ode.,

vil, EGTIVAT.LOY,
Y. Grevisetric —etl.ods.
Pe VOrupetric rethcile.
3, Colerimetric nwethods,
4, xidimetric wethods.
G, /nalysiz of titaniun metorisla.
6. “reparation of reagents.
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ann of mlm
“M o M im Sivenim.
«E grduﬂ ’ »

thun ond mu- vris¥ions.

L 1 stmpomis end thalr aharssteristics.
bannie ou:pamds.

Q .

Mal titanim.

i
L 1. s, usws end bemsfisinl effects,
EEl Liepbions -;gnh famotions In steel. «

"mud‘thu in cest irem.

.8, ECfords n. megwtic properties, trein sise, ete,
j 7o THosndessent medis for lighting purresss.
- < Bq.Dyow, wordants, dleagnimg agerrde, ssrippers, eto.
AR h Befrestory waverisls wnd cerercics, lazes, enwnels, glecer:,
‘ ? < wad brioks.

10, Felts s redunsing apents.
. _iav. }le Gnoke sawwens end oyroteshnicas.
) e '!. #b‘?‘.

- . 1B Codgulenta.
4. "’mnanu et their pmmﬁm enl roerties.

L 18 Teper.

* 18, Tobder,
WW‘Q
Isstler,
?h"u“.
Abrestrea,
Cobglynta.
“Primting ink.
’m »

hrogm tixration.
-+ AR horat pantexids liberstion.
; M&l ations in pure solenes,
Yo roua speoial applications,
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< mmum

Yatals, mimerals, gzanes, snd other substanoss which nl)' hewe 3.nnrund
emr\;ul mb.r\;-t wi.;{; ta their association with thc &n.loyamt o.f
etanic energy.

Notes Not strictly confidential, but not for @mnl,'g'imqhtgm, R

» Thege items ure of speoisl importance.

 totintum (radiomstive)
»sAlamimum (for ecoling pipes)
Barium

i
P A

sntinay
»Berylliim (for cooling pipes’ (
“iimmith (molten, for cooling; solid, for coolim, pipes’
Roron 5
Bromine : \ _
+Cadmium (nbsorbor‘ : _
*Cerbon (ricderator’
Chemicals (in umim chemiotry]
Chlorine
sConcrete (shielding)
Corrosioerosistant alloys :
Sebector nateriels (rhodi\m, Indixy, Lofine) , R
Seuterim (heevy nygrot,on, , T
hysprogtum (sboorber) DR o
Yuropian (nbaorbor,
7 luorime
¥ lnorite . . o
mdo].inim (absdr‘bor, ' Y S
*elliun {in ﬂlléyn £12 in stonic resemrv.:) CE
f‘:emanium (in slloys; end n stomic resecrol)
s ravhite (moderator; end in “",ile" construction,
veev wvnter (Moderstor’
w1l (for éooling) _
Hydrogen o
ndiun (deteotor; end s foll) '
ioline (detmotor:
zmtmmm . ; \
*Tond (!’oxj coolirs nines; end for pllelling
Athium /
ayneeiun (for cooliny piper
lereury
letal folls ‘
Loderators (cerbon, prephite, hoevy vwate: ) b
*‘onazite (socurce of thorlm
Nitroreh
Oxysen
2lladim ' .
Tereffin ' : -
olanium :

»1-
S
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o Pirotosotintun (mdimtin)
“"Redium (redioactive)

Radionstive ninerals {see-spseiel-list)—
‘Rhodium (detector)

Seleniun

Emmarium (sbsorber)

- »Stesl (shielding)

Tellurium

#Tin (for oooling pipes).

Thorium (rediosctive)

Titenium (8lloys; refrectoriss; etanis resouruh’
Tungsten .

sUraninits (important nineral ssurec,

sCerhotite (important wineral source.

swirantum (chief source of fissionsble matorial)
Uranium-besring ninerals {see greeinl lins. .
Weater (for oooling)

 sZine (for cooling pipes:

2irooniun
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